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We investigate e+e− → γ γ process within the Seiberg–Witten expanded noncommutative standard
model (NCSM) scenario in the presence of anomalous triple gauge boson couplings. This study is
done with and without initial beam polarization and we restrict ourselves to leading order effects
of noncommutativity i.e. O (Θ). The noncommutative (NC) corrections are sensitive to the electric
component ( ΘE ) of NC parameter. We include the effects of Earth’s rotation in our analysis. This
study is done by investigating the effects of noncommutativity on different time averaged cross section
observables. We have also deﬁned forward backward asymmetries which will be exclusively sensitive to
anomalous couplings. We have looked into the sensitivity of these couplings at future experiments at the
International Linear Collider (ILC). This analysis is done under realistic ILC conditions with the center of
mass energy (c.m.)
√
s = 800 GeV and integrated luminosity L = 500 fb−1. The scale of noncommutativity
is assumed to be Λ = 1 TeV. The limits on anomalous couplings of the order 10−1 from forward backward
asymmetries while much stringent limits of the order 10−2 from total cross section are obtained if no
signal beyond SM is seen.
© 2012 Elsevier B.V. Open access under CC BY license.1. Introduction
Triple gauge boson couplings arise in the Standard Model (SM)
due to the non-Abelian nature of the theory and thus give the pos-
sibility of exploring the bosonic sector of the SM. Many of such
couplings do not appear in SM at the tree level and even at higher
orders thus they are expected to be very small. Hence the pre-
cise measurement of these couplings could indicate a signal for
new physics beyond the SM even if there is no direct production
of particles beyond SM spectrum. A linear collider at a center of
mass energy of 800 GeV or more in high luminosity regime pro-
vides a unique opportunity to measure such couplings with an un-
precedented accuracy where we can distinguish such effects from
the SM predictions. Moreover the availability of initial beam po-
larization option, can signiﬁcantly enhance the sensitivity to such
effects.
In this study we investigated the expected sensitivity of triple
gauge boson couplings Zγ γ and γ γ γ , to leading order that will
contribute in e−e+ → γ γ process at proposed International Lin-
ear Collider (ILC) [1,2]. This investigation is done within the frame
work of noncommutative SM (NCSM).
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Quantum ﬁeld theories constructed on noncommutative (NC)
space time have been extensively explored in the past few years.
This ﬁeld has received much attention due to its possible connec-
tion with quantum gravity and because of its natural origin in
string theories. In fact Seiberg and Witten [3] described how NC
gauge theory can emerge as a low energy manifestation of open
string theory. This work has stimulated many papers on noncom-
mutative models [4–9].
Hence keeping in mind the above considerations it is reason-
able to investigate ﬁeld theories, and in particular the standard
model of particle physics on noncommutative space time. Here we
adopt an approach based on Seiberg–Witten Map (SWM) popular-
ized by the Munich group [10–18].
In this approach, to construct the NC extension of the Stan-
dard Model (SM) [13,14,17,18], which uses the same gauge group
and particle content one expands the NC gauge ﬁelds in nonlinear
power series of Θ [3,11,12]. At face value it can be seen from the
above map that SW approach leads to a ﬁeld theory with an in-
ﬁnite number of vertices and Feynman graphs thereby leading to
an uncontrolled degree of divergence in turn giving an impression
of complete failure of perturbative renormalization. But over the
years a number of studies have shown that it is possible to con-
struct anomaly free, renormalizable, and effective theories at one
loop and ﬁrst order in Θ [19–27]. The above mentioned studies
provide conﬁdence in using NC SW expanded SM for phenomeno-
logical purposes. However it should be mentioned here that the
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celebrated IR/UV mixing does not exist in the above Θ expanded
approach. Though this is not a drawback in the scales of our in-
terest there do exist certain phenomena that require all orders of
the NC parameter be retained. This led to the so-called Θ-exact
approach, that is from the exact solutions of the SW equations.
The phenomenological consequences of this have been explored in
[28–31].
The reason why NC collider phenomenology is interesting,
comes from the fact that the scale of noncommutativity can be
as low as a few TeV [14,28–35], which is amenable for exploration
at the present or the future colliders. This has led to a great deal
of interest in phenomenology of the NCSM with SWM. Many phe-
nomenological signatures have been studied by different research
groups. These works were mainly done [32,33,36–53] with unpo-
larized beams with leading corrections to SM starting from O (Θ2).
However few studies [16,54–56] are also done with corrections at
the O (Θ) in cross section. Some previous studies [14,16,32,44,54,
56] have also looked into the sensitivity of anomalous triple gauge
couplings at Large Hadron Collider (LHC) and ILC.
In this work we have calculated (O (Θ)) corrections for pair an-
nihilation with and without initial beam polarization. Here, unlike
NCQED case, noncommutative effects at leading order also appear
in unpolarized cross section due to the presence of axial vector
coupling of the Z boson. We have also taken into account the effect
of Earth’s rotation [57–60] on observable signals of noncommuta-
tivity. The effects of noncommutativity are studied on various time
averaged observables to check the sensitivity of anomalous cou-
plings. Here we note that this process has been studied previously
[61] with unpolarized initial beams and polarized ﬁnal states. Note
that observation of ﬁnal state polarization of photons is not possi-
ble at the high energies of ILC.
We have looked at the sensitivity of the anomalous couplings
at the International Linear Collider (ILC) [1,2] with realistic beam
luminosity of 500 fb−1. The availability of longitudinal beam polar-
ization of one or both of the e−e+ beams, can give the opportunity
to test the couplings which otherwise are absent in the observables
with unpolarized initial beam. If these beams become available at
future linear colliders then it will serve as crucial test for these
anomalous couplings of NCSM in the process we discuss.
The rest of the Letter is organized as follows. In Section 2, we
give the calculational details of our work for the mentioned pro-
cess. In Section 3, we will present our numerical results. Finally we
conclude with a section on summary of our results.
2. Cross sections in the laboratory frame
This process in NCQED proceed at the tree level by the follow-
ing diagrams (Fig. 1). The ﬁrst two diagrams also appear in pure
QED while 3rd one arises just because of noncommutative nature
of space time and is a contact interaction.
However in nonminimal version of Standard Model this pro-
cess also contains two additional s-channel diagrams (Fig. 2) with
anomalous triple gauge boson vertices Zγ γ ,γ γ γ .
The squared amplitude for the above process is given by the
expression
|A|2 = |ASM |2 + (ASM)∗ANC
[
O (Θ)
]+ ASM(ANC )∗[O (Θ)]
+ |ANC |2
[
O
(
Θ2
)]
.
Here as mentioned in the Introduction we are restricting our-
selves only to O (Θ) thus the interference between SM and NC
term can provide required corrections to cross section.
Since noncommutative parameter is considered as elementary
constant in nature so its direction is ﬁxed in some nonrotating co-
ordinate system (can be taken to celestial sphere). However the
Fig. 1. NCQED diagrams. Feynman diagrams corresponding to NCQED.
experiment is done in laboratory coordinate system which is ro-
tating with Earth’s rotation. So one should take into account these
rotation effects on Θμν in this frame before moving towards the
phenomenological investigations.
These effects were considered in many previous studies [57–60]
but we are here following the lines of [59]. In the laboratory coor-
dinate system, the orthonormal basis of the nonrotating (primary)
coordinate system can be written as (see Fig. 3)
i =
( casζ + sδsacζ
cδcζ
sasζ − sδcacζ
)
, j =
(−cacζ + sδsasζ
cδsζ
−sacζ − sδcasζ
)
,
k =
(−cδsa
sδ
cδca
)
. (1)
Here we have used the abbreviations cα = cosα, sα = sinα etc.
(δ,a) deﬁnes the location of experiment with −π/2 δ  π/2 and
0 a 2π . More details can be found in Ref. [59].
Thus the NC parameter in the laboratory frame is given by elec-
tric and magnetic components
ΘE = ΘE(sinηE cos ξEi + sinηE sin ξEj + cosηEk) (2)
with
ΘE =
(
Θ01,Θ02,Θ03
)
, ΘE = | ΘE | = 1/Λ2E .
Here (η, ξ ) speciﬁes the direction of NC parameter (Θμν ) w.r.t.
primary coordinates system. ΘE is the absolute values of its elec-
tric components with corresponding scale ΛE .
Our results are based on Feynman rules for NCSM given in
Ref. [17,18]. For evaluating cross section we have used standard
trace technique and various traces are obtained by the Mathemat-
ica Package FeynCalc [62]. The trace results are also cross checked
in Symbolic Manipulation programme FORM [63].
Thus in the center of mass frame (A(p)+ B(p′) → A(k)+ B(k′))
pμ =
√
s
2
{1,0,0,1},
pμ
′ =
√
s
2
{1,0,0,−1},
kμ =
√
s
2
{1, sin θ cosφ, sin θ sinφ, cos θ},
kμ
′ =
√
s
2
{1,− sin θ cosφ,− sin θ sinφ,− cos θ}, (3)
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Fig. 3. X-Y-Z is the primary coordinate system while {iˆ − jˆ − kˆ} are unit vectors pertaining to the laboratory coordinate system. The direction of Θ is deﬁned by angles η
and ξ .where θ is the polar angle and φ is the azimuthal angle, with ini-
tial beam direction chosen as the z-axis.
Due to the breaking of Lorentz invariance for ﬁxed Θ back-
ground, noncommutativity of space time leads to dependence of
cross section on azimuthal angle which is absent in Standard
Model. The ﬁnal cross section formulae for different cases are given
by:
A. Unpolarized case.
The differential cross section for e−e+ unpolarized case is given
by:(
dσ
dΩ
)
ΘE
= α
2
s
[(
1+ cos2 θ) csc2 θ
+ s¯E
{
Lθ1
(
Θ02 cosφ − Θ01 sinφ)}], (4)
Lθ1 = 2C1 csc θ, (5)
C1 = CA
(1− M2Z/s)
KZγ γ . (6)
B. Polarized case.
The differential cross section for e− in right polarized state is
given by:(
dσ
dΩ
)
ΘE
= α
2
s
[(
1+ cos2 θ) csc2 θ
+ s¯E
{
Mθ1
(
Θ02 cosφ − Θ01 sinφ)}], (7)
Mθ1 = 2C2 csc θ − cot θ, (8)
C2 =
[
(CA − CV )
(1− M2Z/s)
KZγ γ − Kγ γ γ sin2θW
]
. (9)
The differential cross section for e− in left polarized state is
given by:(
dσ
dΩ
)
ΘE
= α
2
s
[(
1+ cos2 θ) csc2 θ
+ s¯E
{
Nθ1
(
Θ02 cosφ − Θ01 sinφ)}], (10)
Nθ1 = 2C3 csc θ + cot θ, (11)
C3 =
[
(CA + CV )
(1− M2Z/s)
KZγ γ + Kγ γ γ sin2θW
]
, (12)
CV and CA are the vector and axial vector coupling of Z boson with
electron and are given by (−1 + 4sin2 θW )/2 and −1/2 respec-
tively. Since it is diﬃcult to get time dependent data so one has
to take average over full day to be compared with the experiment.
So we will consider here the following cross section observables to
reveal the effects of noncommutativity
〈
dσ
dφ
〉
T
≡ 1
Tday
Tday∫
0
dσ
dφ
dt, (13)
〈σ 〉T ≡ 1
Tday
Tday∫
0
σ dt, (14)
where
dσ
dφ
≡
1∫
−1
d(cos θ)
dσ
d cos θ dφ
, (15)
σ ≡
1∫
−1
d(cos θ)
2π∫
0
dφ
dσ
d cos θ dφ
. (16)
In addition to these observables, since the terms containing
anomalous couplings in cross section ﬂip sign under transforma-
tion (θ → (π − θ), φ → (π + φ)), so we can deﬁne the following
forward backward asymmetry (with appropriate cuts on azimuthal
angle (φ)) which will only be sensitive to these couplings.
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KZγ γ = −0.25,0.05,0.02,0.25 in unpolarized case and Kγ γ γ = −0.25,0.05,0.02,0.25 (with KZγ γ = 0) for polarized case respectively. (For interpretation of the references
to color in this ﬁgure legend, the reader is referred to the web version of this Letter.)AUFB(θ0) =
〈σ fF (θ0)〉T − 〈σ fB (θ0)〉T
σtot(θ0)
(17)
= C1(4θ0 − π)s¯E sina cos δ cosη
π(cos θ0 + 2 log[tan θ02 ])
(18)
where
〈
σ
f
F (θ0)
〉
T =
1
Tday
Tday∫
0
[ π/2−θ0∫
θ0
π∫
φ=0
dσ
dΩ
sin θ dθ dφ
]
dt, (19)
〈
σ
f
B (θ0)
〉
T =
1
Tday
Tday∫
0
[ π−θ0∫
π/2+θ0
2π∫
φ=π
dσ
dΩ
sin θ dθ dφ
]
dt, (20)
σtot(θ0) =
π−θ0∫
θ0
2π∫
φ=0
dσ
dΩ
sin θ dθ dφ. (21)
Similarly one can also deﬁne polarized forward backward asym-
metry
APFB(θ0) =
〈σ fF L(θ0)〉T − 〈σ fBL(θ0)〉T − (〈σ fF R(θ0)〉T − 〈σ fBR(θ0)〉T )
σtot(θ0)
(22)
= (C2 − C3)(π − 4θ0)s¯E sina cos δ cosη
π(cos θ0 + 2 log[tan θ02 ])
(23)
where
〈
σ
f
F L(θ0)
〉
T =
1
Tday
Tday∫
0
[ π/2−θ0∫
θ0
π∫
φ=0
dσ
dΩ
sin θ dθ dφ
]
dt, (24)
〈
σ
f
BL(θ0)
〉
T =
1
Tday
Tday∫
0
[ π−θ0∫
π/2+θ0
2π∫
φ=π
dσ
dΩ
sin θ dθ dφ
]
dt (25)
where L and R refer to the helicity of the incident electron beam;
F and B stand for forward and backward. For unpolarized case, the
coeﬃcient of KZγ γ in forward backward asymmetry is smaller by
a factor of 2CV /CA then to its polarized counterpart so the corre-
sponding limit for KZγ γ will be stringent in this case.
3. Numerical analysis
In this section we will provide the numerical results of our
investigation. In order to check the sensitivity of anomalous cou-
plings (KZγ γ , Kγ γ γ ), we studied previously deﬁned forward back-
ward asymmetries (AFB ) and total cross section (〈σ 〉T ). We ﬁxed
the initial beam energy at
√
s (= Ecom) = 800 GeV. The posi-
tion of Lab system is ﬁxed by taking δ = π/4 and a = π/4. For
our sensitivity analysis, we assume an integrated luminosity of
L = 500 fb−1 and we have ﬁxed the NC parameters at η = π/4
and Λ = 1000 GeV while initial phase (ξ ) dependence disappears
in time averaged observables.
Here for studying total cross section we applied a cut of (0−π )
on azimuthal angle φ since noncommutative effects disappear once
we integrate over the full azimuthal angle (0−2π ). Our results are
useful for case s/Λ2 < 1 since in this domain one can safely ignore
higher order corrections to cross section.
For deriving limits on anomalous couplings we will make use
of expressions for forward backward asymmetry along with total
cross section. Fig. 4 shows variation of previously deﬁned forward
backward asymmetries plotted against polar cutoff angle θ0 for dif-
ferent values of anomalous couplings. As evident from the plots,
the magnitude of asymmetries becomes larger for higher values of
polar cutoff angle (θ0). Thus using higher θ0 will give better limits
on couplings.
The asymmetries are then used to calculate 90% CL limits with
realistic integrated luminosities in the absence of any signal at ILC.
The limit on the coupling at a polar cutoff angle (θ0) is related to
the value of A(θ0) of the asymmetry by [64,65]:
λlim(θ0) = 1.64|A(θ0)|√σtot(θ0) · L (26)
where |A(θ0)| is the absolute value of the asymmetry for unit
value of the coupling.
From Eq. (18) we see that AUFB solely depends on KZγ γ , there-
fore an independent limit can be placed on it. However APFB de-
pends on KZγ γ as well as on Kγ γ γ . Thus for evaluating limit
on Kγ γ γ we have assumed other anomalous coupling to be zero.
From Fig. 6 it is clear that the best limit for |KZγ γ | and |Kγ γ γ | is
achieved for a cutoff angle θ0 = 75◦ .
Following the same procedure one can obtain limits from to-
tal time averaged cross section. In Fig. 5 we have plotted the total
time averaged cross section for different values of anomalous cou-
plings. Here unlike asymmetries signiﬁcant deviation from SM case
is obtained for smaller values of cutoff angle (θ0). We have also de-
154 N.G. Deshpande, S.K. Garg / Physics Letters B 708 (2012) 150–156Fig. 5. Time averaged total cross section for unpolarized case with different values of KZgg (left) and for Kγ γ γ (right). Red, black, green and blue curves correspond to
KZγ γ = 0.0,0.9,0.55,−0.55 in unpolarized case and Kγ γ γ = 0.0,0.9,0.55,−0.55 (with KZγ γ = 0) for polarized case respectively. (For interpretation of the references to
color in this ﬁgure legend, the reader is referred to the web version of this Letter.)
Fig. 6. Limit on KZγ γ (left) from unpolarized forward backward asymmetry and on Kγ γ γ (right) from polarized forward backward asymmetry. Black and red curves corre-
spond to η = π/4 and η = π/3 respectively. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this Letter.)
Fig. 7. Limit on KZγ γ (left) from unpolarized total cross section and on Kγ γ γ (right) from polarized cross section. Black and red curves correspond to η = π/4 and η = π/3
respectively. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this Letter.)rived the limits on these couplings in case of no excess in signal
events is observed at ILC.
However here the limits are obtained by using the condi-
tion that the excess number of events beyond expected from SM
should be smaller than the statistical error in the number of SM
events. This translates to L|σNP (θ0)| < 1.64√σtot(θ0) · L where σNP
is the NC contribution to the total cross section and L is the inte-
grated luminosity which we assumed to be 500 fb−1 for current
study.
From Eqs. (4), (7) we see that σT for unpolarized case solely
depends on K Zγ γ , therefore an independent limit can be placed
on it. However σT for unpolarized case depends on KZγ γ as well
as on Kγ γ γ . Thus for evaluating limit on Kγ γ γ we have assumed
other anomalous coupling to be zero. From Fig. 7 it is clear that
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Table 1
90% CL limits on the couplings from 〈σ 〉T for a cutoff angle of 32◦and AFB for a
cutoff angle of 75◦ . These limits are derived for
√
s = 800 GeV, Λ = 1000 GeV and
integrated luminosity, L = 500 fb−1.
Coupling Limits-unpolarized case Limits-polarized case
〈σ 〉T AFB 〈σ 〉T AFB
|KZγ γ | 4.2× 10−2 1.4× 10−1 4.5× 10−2 9.2× 10−1
|Kγ γ γ | – – 9.2× 10−2 1.5× 10−1
the best limit for |KZγ γ | and |Kγ γ γ | is obtained for a cutoff angle
θ0 = 30◦ .
In Table 1 we have quoted the derived limits from asymmetries
as well as from time averaged total cross section. The asymmetries
give a limit of order 10−1 while from total cross section limits are
much more stringent of the order of 10−2. Thus total cross section
is proven to be much useful observable then forward backward
asymmetries.
4. Summary
The extension of SM to NC space time with motivations coming
from string theory and quantum gravity provides interesting phe-
nomenological implications since scale of noncommutativity could
be as low as a few TeV, which can be explored at the present
or future colliders. In the present work we focused on exploring
the sensitivity of anomalous couplings (K Zγ γ , Kγ γ γ ) that will con-
tribute to the process e+e− → γ γ process at ILC.
We have done our study with unpolarized as well as taking
into account the initial beam polarization effects. We restricted
ourselves to the leading order effects of noncommutativity to be
occurred at leading order in Θ (i.e. O (Θ)) at cross section level.
Unlike NCQED case noncommutative effects at O (Θ) also appear
in unpolarized cross section due to the presence of axial vector
coupling of Z boson.
In this analysis we have also taken into account the apparent
time variation of noncommutative parameter (Θμν ) in laboratory
frame. We have used time averaged observables for this study.
The NC corrections to the considered process are sensitive to
the electric component ( ΘE ) of NC parameter ( Θ). However for
checking the sensitivity of anomalous couplings at ILC we used
time averaged total cross section and forward backward asym-
metries as observables. This analysis is done under realistic ILC
conditions with the center of mass energy (c.m.)
√
s = 800 GeV
and integrated luminosity L = 500 fb−1. The scale of noncommu-
tativity is assumed to be Λ = 1 TeV and Lab coordinates are ﬁxed
to be (δ,a) = (π/4,π/4).
The observables for unpolarized case are only sensitive to K Zγ γ
while for polarized case they are sensitive to both couplings. For
putting limits from polarized case we have assumed one coupling
to be zero at a time. The asymmetries give a limit of order 10−1
while limits from total cross section are much more stringent, of
the order of 10−2 on absolute value of the anomalous couplings.
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